The absolute conˆguration of (-)-koninginin A s 10-hexyl-11,12-dioxatricyclo[7.2.1.0 〈1,6〉 ]dodecane-2,5-diol (1)t , the antibiotic metabolite of Trichoderma koningii and T. harzianum, was determined as 1S, 2R, 5S, 6S, 9S, 10S by an X-ray crystallographic analysis of its synthetic sample coupled with the established stereochemical outcome of Sharpless asymmetric dihydroxylation used as the key reaction to prepare intermediate 4.
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In 1989, Cutler et al. isolated (")-koninginin A as a metabolite of the soil microorganism, Trichoderma koningii, and proposed its gross structure as 1 (Fig. 1) . 1) Subsequently in 1991, Ghisalberti et al. also isolated 1 as a metabolite of Trichoderma harzianum which showed antibiotic activity against the fungus, Gaeumannomyces graminis.
2) They assigned its relative stereochemistry as depicted in 1a on the basis of its 1 H-NMR analysis.
2)
In 1994, we synthesized (±)-koninginin A, 3) and in the next year, naturally occurring (")-koninginin A was eventually synthesized by employing Sharpless asymmetric dihydroxylation (AD) of alkene 3 as the key step for introducting the stereogenic centers of dihydroxy compound 4 (Scheme 1).
4) The absolute conˆguration of 4 was thought to be 3S, 4S, as depicted according to the established steric course of the Sharpless AD process. 5) Our synthesis of (")-koninginin A gave the desiredˆnal product in a 1.4z overall yield (20 steps) based on (Z )-3-decen-1-ol. That synthesis, however, included a stereochemically ambiguous step. Thus, epoxidation of the t-butyldimethylsilyl (TBS) enol ether derived from 7 with mchloroperbenzoic acid (MCPBA) aŠorded silyloxy ketone 8 as a stereoisomeric mixture. Alkaline hydrolysis of 8 was followed by acid-catalyzed intramolecular acetalization and desilylation to give a separable mixture of 9 and 10, one of which was crystalline and the other was oily. The 1 H-NMR spectral data of these two hydroxyacetals at 300 MHz were not su‹ciently informative to allow the assignment of their stereostructures. For example, the crystalline isomer showed signals due to the proton at C-2 at d＝ 3.90 (dd, J＝3.7, 11.1 Hz), while the oily isomer exhibited them at d＝3.84 (dd, J＝3.6, 10.6 Hz). It was therefore di‹cult to decide which of them was 9 with an equatorial hydroxy group at C-2. In addition, the crystalline isomer provided only veryˆne needles that were unsuitable for an X-ray analysis. Nevertheless, we could convert the TBS ether of the crystalline hydroxyacetal to (")-koninginin A, which was presumed to be (1S, 2S, 5R, 6R, 9S, 10S )-1a, by combining the then accepted relative stereochemistry proposed by Ghisalberti 2) with the (9S, 10S )-stereochemistry originating from the Sharpless AD reaction. 4) Accordingly, the structure of the crystalline hydroxyacetal was thought to be 9.
In 1995, Xu and Zhu reported a synthesis of (")-koninginin A (1a) and its diastereoisomer (1b). 6) They carefully analyzed the 600 MHz 1 H-NMR spectra of 1a and 1b and found diŠerences between the signals due to the proton at C-6 of 1a [d1.70 (1H, ddd, J＝ 3.0, 5.8, 11.5 Hz)] and that of 1b [d1.58 (1H, dd, J＝ 2.9, 7.3 Hz)]. On the basis of these observations, they concluded that (")-koninginin A was (1S, 2R, 5S, 6S, 9S, 10S )-1b. It should also be added that Liu and Wang synthesized (+)-koninginin D (2), but their work did not give any information about the C-6 stereochemistry of (")-koninginin A (1). 7) In order to unambiguously resolve the stereochemical problem at C-2, C-5 and C-6 of 1, we carried out an X-ray analysis of our synthetic sample of (")-koninginin A, whose absolute conˆguration at C-9 and 10 was known as 9S, 10S according to the steric course of AD.
5) The crystals of (")-koninginin A were obtained as veryˆne needles, and therefore only 14 re‰ections (instead of the usual 25 re‰ections) could be used to determine the unit cell parameters. Nonetheless, the structure of (")-koninginin A could be resolved as shown in the perspective view (Fig. 2) . It is evident from Fig. 2 that the absolute conˆgura-tion of (")-koninginin A was (1S, 2R, 5S, 6S, 9S, 10S )-1b, which is in accord with the result of Xu and Zhu. 6) It is therefore clear that the crystalline hydroxyacetal was not 9 but 10. Since we were preoccupied with the assumption that Ghisalberti's stereochemical assignment of koninginin A as 1a was correct, we erroneously supposed the crystalline hydroxyacetal to be 9, believing that 9 gave 1a via 11 and 12. It seemed reasonable to assume the b-attack of 11 with borane to give 12 as the product of hydroborationoxidation, since the b-side of 11 was the less-hindered face owing to the presence of the bulky and a-oriented t-butyldimethylsilyloxy group.
In the light of correct structure 10 of the crystalline hydroxyacetal, its conversion to (")-koninginin A (1b) must be formulated as shown in Scheme 1. Alcohol 10 was silylated to give TBS ether 13, whose hydroboration-oxidation furnished 14 by the a-attack of 13 with borane. The t-butyldimethylsilyloxy group of 13 blocked the b-face of the molecule against borane. Alcohol 14 aŠorded 1b via 15. Although 14 and 15 were crystalline, their veryˆne needle-like crystals were di‹cult to be analyzed by Xray at the time (1994) when we carried out the synthesis of 1b. Moreover, the 1 H-NMR spectra of 14, 15 and 1b could not be su‹ciently resolved at 300 MHz to allow observation of the splitting patterns of the signals due to the proton at C-6, which were hidden inside the complicated signals at d＝1.18-2.05 (m, 19H) in the case of 14, d＝1.17-1.70 (m, 11H) in the case of 15, and d＝1.18-2.33 (m, 19H) in the case of 1b. Only at 600 MHz was the correct observation of the signals due to the proton at C-6 possible. 6) In conclusion, the structure of (")-koninginin A was deˆnitely established by an X-ray analysis as (1S, 2R, 5S, 6S, 9S, 10S )-10-hexyl-11,12-dioxatricyclo[7.2.1.0 〈1,6〉 ]dodecane-2,5-diol (1b). Our early preoccupation with the veracity of Ghisalberti's stereochemical assignment was the major reason for our erroneous conclusion in 1995.
4) The lack of highly sophisticated analytical instruments such as a 600 MHz spectrometer or an accurate X-ray diŠrac-tometer was the minor reason for our failure. The structures of our synthetic intermediates reported previously 3, 4) should be revised along this line.
Experimental
X-ray analysis of (")-Koninginin A (1b). The crystal used for data collection was a colorless needle with the approximate dimensions of 0.50×0.20× 0.20 mm. All the data were obtained with a Rigaku AFC-5S automated four-circle diŠractometer with graphite-monochromated Mo-Ka radiation. The unit cell parameters were determined by least-squares reˆnement of the optimized setting angles for 14 re‰ections in the range 3.589 ºuº10.809 . Crystal data for (")-1b: C16H28O4, Mr＝284.39, monoclinic, space group C2 W c, a＝27.292 (5), b＝5.513 (4), c＝ 25.118 (7) Å, b＝123.698 (9)9 , V＝3144 (4) Å 3 , Z＝8, Dc＝1.202 Mgm "3 , F(000)＝1248, m(Mo-Ka)＝ 0.842 cm "1 . The intensities were measured by using a v W 2u scan up to 459 . Three standard re‰ections were monitored every 150 measurements. The data were corrected for Lorentz and polarization factors. Of the 2,313 independent re‰ections which were collected, 910 re‰ections with IÀ2.0s(I) were used for structural determination and reˆnement. The structure was resolved by the direct method, using the TEXSAN crystallographic software package. 8) All non-H atoms were found on a Fourier map. The reˆnement of atomic parameters was carried out by the full matrix least-squares reˆnement, using anisotropically temperature factors for all non-H atoms. The H atoms were placed geometrically and are not reˆned. Theˆnal reˆnement converged with R＝0.064 and Rw＝0.064 from 181 parameters.
Atomic scattering factors were taken from``International Tables for X-ray Crystallography.'' 9) The supplementary material includes lists of the atomic coordinates for the non-H atoms, the bond length and angles of (")-1b with esds in parentheses. Fur 
